Materials
The reagents used in the zwitterions (ZIs) synthesis were 1,3-propanesultone (≥ 99 wt % pure), triamylamine (≥ 98 wt % pure), tripropylamine (≥ 98 wt % pure) and trimethylamine (ca. 13 % v/v in acetonitrile) from Tokyo Chemical Industry Co. The following organic solvents, purchased from Kanto Chemical Co., Inc, were also used: acetonitrile (≥ 99.5 wt % pure), diethyl ether (≥ 99 wt % pure), ethyl acetate (≥ 99.5 wt % pure), hexane (≥ 96 wt % pure) and methanol (≥ 99.8 wt % pure). Deuterium oxide, D2O (99.8 atom % D) from ACROS Organics was used in nuclear magnetic resonance (NMR) experiments.
To prepare aqueous biphasic systems (ABS), polyethylene glycol (PEG) with different molecular weights, namely 1540, 2000, 4000 and 6000 g/mol (abbreviated as PEG 1540, PEG 2000, PEG 4000 and PEG 6000, respectively) were used. They were obtained from Wako Pure Chemical Industries, Ltd, with the exception of PEG 2000 that was obtained from Kanto Chemical Co., Inc.
All studies were performed using commercial laccase from Trametes versicolor and 2,2'-azinobis3-ethylbenzathiazoline-6-sulfonic acid (ABTS), acquired from Sigma. The salts used were C6H8O7.H2O (> 99%) from Fisher Scientific, and Na2HPO4 (> 99%) from Merck.
Experimental Procedure
Determination of the ABS phase diagrams and tie-line. The binodal curves were determined through the cloud point titration method, previously described by us, 1 at 25, 35, and 45 °C (± 1 °C) and atmospheric pressure. Aqueous solutions of polymer at 50-70 wt % and aqueous solutions of each ZI with concentrations ranging from 50 to 70 wt % were prepared and used.
Repetitive drop wise addition of the aqueous polymer solution to the aqueous solution of ZI was carried out under constant stirring until the detection of a cloudy solution, followed by the drop wise addition of ultrapure water until the finding of a clear and limpid solution.
Whenever necessary, and to better characterize the solubility curves, the addition of the ZI aqueous solution to the polymer aqueous solution also was carried out. The ternary system compositions were determined by weight quantification within ± 10 -3 g.
Tie-line (TLs) were determined by a gravimetric method originally described by Merchuk et al. 2 . A mixture at the biphasic region was gravimetrically prepared (PEG + ZI+ water) within ± 10 -4 g, vigorously stirred, and left for at least 12 h at the desired temperature to reach the complete separation and equilibration of the coexisting phases. After the separation step, both top and bottom phases were weighted.
The experimental binodal curves were fitted using Equation (1) 2 : Recovery and activity of laccase. To investigate the recovery and stability of laccase, five consecutive cycles of oxidative reaction of ABTS were performed. Each cycle (reaction + separation) was carried out in a maximum of 1 h. The laccase activity was assayed as previously described. After the reaction, the formation of ABS was induced by changes in temperature. The upper phase was removed (substrate-rich phase), and a fresh substrate solution was added (same volume of solution removed with a composition determined by the TL), and a new cycle started. The 5 cycles were carried out in a maximum of 5 h. The operational stability along the cycles was evaluated by the relative enzyme activity. The relative laccase activity (%) is defined as the ratio of the enzyme activity at the end of each cycle in respect to the enzyme activity in the first cycle.
Recovery of PEG. An ultrafiltration step was applied to the PEG-rich phase using amicons with a cut-off 3 kDa. 2 cycles at 10000 rpm, 20 min each, were applied. The phases obtained were analysed by FTIR and UV-Vis spectroscopies to address the presence of polymer, ZI and ABTS. Table S6 . Identification of the ZI-PEG systems able () or not able () to form ABS at 25 ˚C.
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PEG 1540 Table S9 . Extraction efficiencies (EE %) of the studied systems for oxidized ABTS and laccase for opposite phases in ZI-PEG-ABS.
Oxidation reaction and separation of Laccase
EEABTS (PEG-rich phase) % EElaccase (ZI-rich phase) % N111C3S 100 100 N555C3S 80.9 ± 4.0 85.0 ± 3.6
